Objective: The purpose of this study was to analyze and demonstrate the heterogeneity in adult spinal deformity (ASD) populations by baseline health-related quality of life (HRQL) data. Methods: ASD was defined as patients over 18 years of age with any of the following: coronal deformity >20°, sagittal vertical axis (SVA) >5 cm, pelvic tilt >25°, or thoracic kyphosis >60°. Three hundred fifty-two patients meeting the above definition of ASD were analyzed for measures of HRQL (Oswestry disability index [ODI], , and SF-36 [Short form-36 health survey] questionnaires) at presentation. Age groups were defined as 18-40, 40-60, and >60 years. Deformity was analyzed as either degenerative (DS) or idiopathic (IS) (294 patients; 71 degenerative, 223 idiopathic). Results: There were significant differences between age groups-predominantly between the lower age group (18-40) and others -for all HRQL parameters except SRS-22 mental health and SF-36 mental component score. Similarly, HRQL measures for DS and IS deformities were significantly different. Regarding location of main curves, thoracolumbar/lumbar (TL/L) (70.2%) was dominant for the DS group and thoracic (55%) for the IS group. Mean age was 65 years for the DS group and 36 for the IS group, which were significantly different. Radiographic parameters were also significantly different between these groups, with IS patients having more coronal deformity and better sagittal balance. Conclusion: ASD patients are very heterogeneous at presentation, depending on age and diagnosis. There is a distinct need to stratify ASD as early and late presentation ASD and/or by diagnosis. Patients with IS deformity may be very different from those with DS deformity, even at time of presentation. These differences must be taken into consideration in treatment of these patients, as well as for the analysis of the results of treatment.
Spinal deformity has been shown to have significant impact on quality of life in affected individuals. [1] [2] [3] [4] In order to assess this impact, a variety of clinical questionnaires have been developed. [5] [6] [7] These questionnaires are also utilized to compare pre-and posttreatment health-related quality of life (HRQL) and to judge the efficacy of a treatment modality. [8, 9] However, the adult spinal deformity (ASD) population is a very large and heterogeneous group of patients, encompassing a wide spectrum of spinal and spino-pelvic deformities in coronal and sagittal planes in patients across all age ranges. The current literature compiles ASD patients under a single uniform diagnostic category, which may cause misinterpretations when analyzing and comparing HRQL scores. Consequently, the variability of reported outcomes after operative and nonoperative treatment for spinal deformity may be a result of the flawed perception of ASD as a fairly uniform diagnostic category.
There is some evidence pointing to the effect of age on HRQL scores [10] and that characteristics of the deformity such as location and etiology may have similar effects. [2, [11] [12] [13] These differences are important because of the potential implications on subsequent treatment decisions and results. The aim of this study was to analyze the HRQL scores of adult patients presenting with spinal deformity in regard to patient age and etiology as an attempt to stratify ASD into subcategories. Such stratification may prove to be extremely important in future efforts for further classification of ASD.
Patients and methods
This study was based on a prospective database on ASD. The purpose of this database is to evaluate the end results of treatment in this population; however, for the purposes of the present study, only the baseline data at presentation were used. The study was conducted on a total of 352 adult deformity patients enrolled into the database from 4 separate spine clinics. Institutional review board approvals were taken from each clinic separately, allowing for the patients -all of whom gave consent-to be included in this database. Inclusion criteria for this database were patients over 18 years of age with any of the following: coronal deformity >20°, sagittal vertical axis (SVA) >5 cm, pelvic tilt >25°, or thoracic kyphosis >60°. The only criterion for exclusion was the presence of an acute destructive lesion as the cause of the deformity. All patients fulfilling these criteria were enrolled, regardless of the etiology of the deformity (degenerative [DS], idiopathic [IS], congenital, etc.) and any previous treatments. All were asked to complete Oswestry disability index (ODI) and SRS-22 (Scoliosis Research Society-22) questionnaires, as well as SF-36 (Short form-36 health survey) HRQL forms, as part of their routine evaluation.
Anteroposterior and lateral X-rays of the whole spine were obtained for all patients. Those that were not digital were scanned, and all were entered into an X-ray analysis software program (Surgimap Spine, Nemaris Inc., New York, NY, USA) for processing. Measured variables included the coronal Cobb angle(s), lumbar lordosis, T2-12 kyphosis, T1 sagittal tilt, sacral slope, pelvic tilt, pelvic incidence, and SVA. Body mass index data were also collected. HRQL evaluation was performed using SRS-22, age-adjusted SF-36 and ODI questionnaires. Subsets of these questionnaires were then compared between age groups (empirically selected as 18-40, 40-60, and >60 years), and 2 major curve etiology groups (DS vs IS). DS was defined as de novo spinal deformity secondary to degenerative changes in the spinal column for degenerative scoliosis, while IS was defined as spinal deformity conforming with the curve patterns of idiopathic scoliosis, regardless of the presence of (secondary) degenerative changes or age at diagnosis. In all cases, curve etiology determination was based on the treating surgeon' s decision. All patients were included for comparisons by age groups, whereas only those with DS or IS etiologies were included for comparisons by etiology. Statistical analyses were performed using SAS software (version 9.2, SAS Institute, Inc., Cary, NC, USA), with the acceptable level of α type error set as 0.05.
Results
Three hundred fifty-two consecutive patients formed the study population. Mean age was 44.1±19 years, and 80.3% of the patients were female. Of the total population, 294 patients were included in one of the 2 most common etiological groups (IS or DS); 71 patients had DS curves versus 223 IS curves.
In 266 patients, the curves were classified and analyzed according to location by etiology. Main thoracic and thoracolumbar/lumbar (TL/L) curves were observed in the majority of cases (123 for each). For main thoracic curves, 93.5% were identified as IS. Apart from these 2 major types, 10 patients had lumbosacral curves, and another 10 patients had proximal thoracic curves. Most lumbosacral curves were identified as being DS (70%), whereas most proximal thoracic curves were IS (80%). The majority of DS curves were located in the TL/L region (70%) ( Table 1) , whereas most of the IS curves were thoracic (55%). For IS subtype, however, TL/L curves constituted a fairly large subset (40%). Upon comparison of age distribution of patients, mean age of patients with DS deformity was found to be 65.6 years (range: 30-89 years), which contrasted significantly (p<0.001) with the mean age of IS patients, at 36.4 years (range: 18-77 years).
Three hundred twenty-six patients completed the SRS questionnaires, and 325 patients completed the ODI questionnaires. SF-36 scores were available for 313 patients and were summarized as physical component summary (PCS) and mental component summary (MCS) scores. [14] Comparisons of HRQL scores between the diagnostic groups were performed in 294 patients, which are summarized in Table 2 and by age in Table 3 . Patients with degenerative deformity had higher ODI scores when compared with IS curves, to the point of statistical significance. ODI scores were also affected by age. The younger age group had the lowest ODI scores, and the oldest group had the highest. SF-36 PCS scores were highest for the youngest age group and decreased as age increased (Table 3 ) (p<0.0001). Similarly, the IS group had better (higher) PCS scores when compared with the DS group (p<0.0001). MCS scores were not statistically significant between the age groups; however, there was a significant difference between the DS and IS groups. The differences between the SRS pain and function scores were rather large between the youngest group (18-40) and the older groups (Table 3) . Additionally, in terms of pain and function subsets, differences between the IS and DS groups were significant (Table 2) . Analysis of radiographic parameters revealed that all measured parameters except for the T2-12 kyphosis were significantly different between the etiological groups (p<0.001 for coronal Cobb, lordosis, pelvic incidence, pelvic tilt, SVA, and T1 sagittal tilt; p=0.03 for sacral slope) ( Table  4) . IS patients had a significantly higher major coronal Cobb angle (46.4° in the IS vs 33.5° in the DS group), whereas analysis of the main sagittal balance parameter (SVA) demonstrated that IS patients had better sagittal alignment than DSpatients (-6.7 mm in IS vs +45.6 mm in dDS). Body mass index was also significantly higher in patients with DS deformity (27 vs 22.6) (p<0.001).
Discussion
This study aimed to analyze the pretreatment radiographic parameters, age, and HRQL scores of adults with spinal deformity in an attempt to categorize ASD. Our results suggest that both age and etiology have significant effects on the quality of life measures, with especially large differences between the youngest and the older groups in regards to pain and function. The disparity of treatment results and the potentially high complication rates of surgical treatment add to the difficulty of decision-making in cases of ASD. [15] Furthermore, the wide variability of treatment methods among surgeons indicates the less than perfect comprehension of this patient population. [16] In the present study, in an attempt to enhance our understanding of ASD, patients were evaluated at initial presentation and stratified according to age, etiology, and curve classification (location). HRQL scores using ODI, SRS-22, and SF-36 questionnaires were collected and compared between age groups and deformity types.
We found that etiology indicated the location of the deformity, as most of the degenerative curves were between the TL/L junctions. Age was also correlated with the type of deformity, with DS curves having a higher mean age. These findings are consistent with the literature. [17, 18] Both age and etiology of the deformity are strong predictors of higher pain scores and decrease in function. Older groups showed the highest disability and pain scores on HRQL assessment. The difference between the youngest group and the older groups is especially striking. DS patients had higher disability and pain scores when compared with IS cases. This finding is consistent with the correlation between age and deformity etiology, as older patients are also the patients with DS deformities.
The heterogeneity of adult deformity, along with the inconsistency of treatment decisions and results, calls for the delineation of factors that define disability and pain. [15, 19] For this purpose, classification systems have been proposed. [2, 20, 21] However, these systems are primarily based on radiologic parameters and do not take other factors such as patient age into account. Literature is fairly scant on the reasons that drive patients towards surgical treatment; in the present study, we were able to retrieve only one study that specifically investigated the impact of age on surgical decision-making. In that study, Bess et al. reviewed 290 patients treated for adult scoliosis in a multicenter environment. [10] Patients treated operatively and nonoperatively were compared, and factors affecting treatment decisions were evaluated, making no distinctions between IS and DS curves. It was found that younger patients (<50 years) were more likely to have surgical treatment in cases of larger curves. On the other hand, older patients who elected to undergo surgical treatment had significantly worse HRQL scores than patients who elected nonoperative treatment. It was noted that despite similar radiographic findings (major Cobb, sagittal parameters) in the same age group, some patients-those who elected surgical treatment-had worse HRQL scores. Our findings are similar to this study, in that older patients had higher positive sagittal balance, decrease or loss of lumbar lordosis, higher pelvic tilt, and worse total ODI, SRS-22, and SF-36 scores.
In our study population, as expected, patients with DS deformity had a higher average age than patients with IS deformity. Positive sagittal balance was also more common in the DS group. Patients with IS deformity had better sagittal balance but also higher Cobb angles. Additionally, IS patients had better HRQL scores. These findings show that age, DS disease, and positive sagittal balance are intercorrelated and associated with poor HRQL scores.
These findings further suggest that ASD patients form a very heterogeneous group, even at presentation for medical advice. For the etiologies evaluated in this study, patients with IS were very different from those with DS deformity, not only based on the radiological parameters but also for the reasons of seeking treatment. We can safely suggest that younger patients with IS seek treatment mainly because of the deformity and less so for the disability caused by it, whereas older patients with DS deformity seek treatment mainly based on their disabilities. Therefore, criteria for "successful treatment" may be fundamentally different for these 2 populations.
Of note, the elderly population is predisposed to a higher rate of comorbidities and treatment complications. [22] [23] [24] [25] [26] In this regard, when these patients are pooled with younger patients in studies evaluating treatment results, their relatively higher risks may be diluted and remain underemphasized. Based on these findings, it is recommended that ASD be evaluated-be it for characteristics or treatment results-in a stratified manner based on age as well as the etiology of deformity. Failure to do so may result in underrecognition of the unique demands of different subpopulations and underestimation of the relevant risks associated with different treatment modalities.
We recognize some limitations arising from the study design. Due to the large scale and multiple centers, it was not possible to collect full data from all patients. Some of the patients did not complete all 3 questionnaires. Additionally, when stratifying patients according to 2 radiological diagnoses, some data loss occurred. However, we attempted to report all of the available data where possible, and considering that we were able to report radiologic data on 84% (294 of 352) and HRQL data on 92% (325 of 352) of our entire cohort, we believe that this group is fairly representative of the population in question.
Another quasi-shortcoming of this study design is the inability to differentiate the effects of age versus deformity. We demonstrated that the ASD population is very heterogeneous on the basis of age and diagnosis, but we were unable to demonstrate whether one of these factors-be it age or diagnosis-is the decisive parameter for HRQL. It has to be noted in this respect that the identification of this very parameter was not the purpose of the present study. Future work with different statistical methodologies will be required for this end.
ASD affects a large heterogeneous group of patients, consisting of different ages and etiologies. Our data show that age and etiology has a large impact on HRQL scores and may therefore act as confounding variables when evaluating the efficacy of a treatment modality. Patients with IS deformity may be very different from those with DS deformity, even at the time of presentation. Failure to understand this heterogeneity may result in underrecognition of the demands of different subpopulations and underestimation of the relevant risks associated with different treatment modalities. For further studies and future classifications, stratification of the ASD population into at least 2 different subgroups of young-idiopathic versus elderly-degenerative is suggested.
